Purpose Dietary patterns may better capture the multifaceted effects of diet on body composition than individual nutrients or foods. The objective of this study was to investigate the dietary patterns of a cohort of older adults, and examine relationships of dietary patterns with body composition. The influence of a polymorphism in the peroxisome proliferator-activated receptor-c (PPAR-c) gene was considered. Methods The Health, Aging and Body Composition (Health ABC) Study is a prospective cohort study of 3,075 older adults. Participants' body composition and genetic variation were measured in detail. Food intake was assessed with a semi-quantitative food frequency questionnaire (Block Dietary Data Systems, Berkeley, CA), and dietary patterns of 1,809 participants with complete data were derived by cluster analysis. Results Six clusters were identified, including a 'Healthy foods' cluster characterized by higher intake of low-fat dairy products, fruit, whole grains, poultry, fish and vegetables. An interaction was found between dietary patterns and PPAR-c Pro12Ala genotype in relation to body composition. While Pro/Pro homozygous men and women in the 'Healthy foods' cluster did not differ significantly in body composition from those in other clusters, men with the Ala allele in the 'Healthy foods' cluster had significantly lower levels of adiposity than those in other clusters. Women with the Ala allele in the 'Healthy foods' cluster differed only in right thigh intermuscular fat from those in other clusters. Conclusions Relationships between diet and body composition in older adults may differ by gender and by genetic factors such as PPAR-c Pro12Ala genotype.
Introduction
While obesity is considered a major health risk, the regional distribution of body fat may be of greater consequence than overall body fat. Excess fat in the abdominal visceral area in particular has been associated with higher risk for multiple metabolic complications and chronic diseases, as well as increased mortality [1] [2] [3] [4] [5] [6] [7] .
Dietary pattern analysis examines the overall diet, and thus takes into account correlation among nutrient intakes as well as nutrient-nutrient interactions. Compared to a focus on individual nutrients or foods, dietary pattern analysis may better capture the complexity of dietary exposure thought to affect body composition.
Both environmental and genetic factors likely influence body composition and body fat distribution [8, 9] . The peroxisome proliferator-activated receptor-c (PPAR-c) is expressed in adipose tissue and regulates adipocyte differentiation and gene expression in adipocytes. A common polymorphism (Pro12Ala) in the PPAR-c2 isoform of the PPAR-c gene has been linked to greater adiposity in some studies [10] [11] [12] [13] [14] , but not in others [15] [16] [17] [18] . Polymorphisms in genes such as the PPAR-c gene may need to be considered when examining the influence of diet on body composition.
The purpose of the current study was to determine the main dietary patterns of a cohort of older adults, and to examine whether dietary pattern groups differed in measures of body composition, including abdominal visceral fat. A secondary goal was to investigate the possible influence of variation in the PPAR-c gene on the relationship between diet and body composition.
Subjects and methods

Study population
Participants age 70-79 were recruited for the Health, Aging and Body Composition (Health ABC) Study, a prospective cohort study, from a random sample of white Medicareeligible residents and from all age-eligible black residents of selected areas of Pittsburgh, Pennsylvania, and Memphis, Tennessee. Individuals were eligible for Health ABC if they planned to remain in the area for at least 3 years and reported no life-threatening cancers and no difficulty with basic activities of daily living, walking 1/4 mile or climbing ten steps. Those who used assistive devices were excluded, as were participants in any research studies which involved a lifestyle intervention. Protocols were approved by institutional review boards at both study sites, and participants provided written, informed consent. An interview on behavior, health status, and social, demographic and economic factors, and a clinical examination of body composition, biochemical variables, weight-related health conditions and physical function were administered between 1997 and 1998, with annual follow-up assessments.
Data from baseline and year 2 of the Health ABC study were used in the current analyses. The sample size for most analyses in this study was 1,809, after excluding participants who did not have a dietary assessment (n = 343); those diagnosed with type 2 diabetes before dietary intake was assessed (n = 662); men who reported an energy intake of \800 kcal/day or [4,000 kcal/day and women who reported an energy intake of \500 kcal/day or [3,500 kcal/day (n = 77); and those with incomplete information on other relevant measures (n = 184). Further exclusions were made in some analyses if outcome variables of interest were missing or implausible.
Dietary assessment
Food intake was measured in year 2 of the Health ABC study with a 108-item semi-quantitative food frequency questionnaire (FFQ). This FFQ was designed specifically for the Health ABC study by Block Dietary Data Systems (Berkeley, CA), based on reported intakes of non-Hispanic white and black residents of the Northeast and South over age 65 in the third National Health and Nutrition Examination Survey. The FFQ was administered by a trained dietary interviewer, and interviews were periodically monitored to assure quality and consistency. Wood blocks, real food models, and flash cards were used to help participants estimate portion sizes. Nutrient and food group intakes were determined by Block Dietary Data Systems, as were participants' dietary GI and GL values, as described previously [19] . A healthy eating index (HEI) score, which reflects how well the diet conforms to the recommendations of the Dietary Guidelines for Americans and the Food Guide Pyramid, was also calculated for each participant [20] .
In this study, individuals were grouped according to their overall dietary patterns by cluster analysis based on methods used in previous studies [21, 22] . The purpose of the cluster analysis was to place individuals into mutually exclusive groups such that persons in a given cluster had similar diets which differed from those of persons in other clusters. First, the 108 FFQ food items were consolidated into 40 food groups according to similarity in nutrient content. The percentage of energy contributed by each food group for each participant was calculated and used in the cluster analysis. The reason for this standardization was to account for differences in total energy needs due to gender, age, body size and level of physical activity.
The FASTCLUS procedure in SAS (version 9.1; SAS Institute Inc., Cary, NC) was used to generate dietary pattern clusters. This procedure requires the number of clusters to be specified in advance, and generates mutually exclusive clusters by comparing Euclidean distances between each subject and each cluster center in an interactive process using a K-means method. To determine the most appropriate number of clusters, two to eight cluster solutions were run. Plots of R 2 by the number of clusters and of the ratio of between-cluster variance to withincluster variance by the number of clusters were examined. A set of six clusters was selected, as this solution most clearly identified distinct and nutritionally meaningful dietary patterns while maintaining a reasonable sample size in each group for subsequent regression analyses. Mean percent energy contributions from food groups were examined according to dietary pattern clusters. Clusters were named according to food groups that on average contributed relatively more to total energy intake.
Measures of body composition
At baseline of the Health ABC study, participants underwent axial computed tomography scanning of the abdomen and thigh. Abdominal visceral and subcutaneous fat and thigh intermuscular fat were quantified from scans performed on a General Electric 9800 Advantage in Pittsburgh and a Siemens Somatron and Picker PQ2000S in Memphis. Data from computed tomography scans were analyzed at the University of Colorado Health Sciences Center according to a standardized protocol [23] . Total fat mass and lean mass were assessed at baseline and year 2 by dual energy X-ray absorptiometry (Hologic QDR 4500A, software version 8.21, Hologic, Waltham, MA). Abdominal sagittal diameter was measured at baseline with a Holtain-Kahn abdominal calliper (Holtain Ltd, UK), and abdominal circumference was measured at baseline with a tape measure at the level of the largest circumference. Weight in kilograms was measured annually with a standard balance beam scale, and height in meters measured twice at baseline with a Harpenden stadiometer (Holtain Ltd, Crosswell, UK). After averaging the two height measurements, BMI (kg/m 2 ) was calculated as weight divided by the square of height.
Sociodemographic and lifestyle variables
Sociodemographic variables including age, gender, selfidentified racial group and education, and lifestyle variables including smoking status, alcohol consumption, and physical activity were assessed at baseline of the Health ABC study. Lifetime pack-years of cigarette smoking were calculated by multiplying cigarette packs smoked per day by the number of years of smoking. Physical activity was evaluated by a standardized questionnaire specifically designed for the Health ABC study. This questionnaire was derived from the leisure time physical activity questionnaire and included activities commonly performed by older adults [24] . The frequency, duration, and intensity of specific activities were determined, and approximate metabolic equivalent unit (MET) values assigned to each activity category to estimate weekly energy expenditure.
Genotyping
The Health ABC cohort was genotyped, using polymerase chain reaction restriction fragment length polymorphism analysis (PCR-RFLP), for the Pro12Ala polymorphism of the PPAR-c gene by Beamer et al. [25] . In the current study population, PPAR-c Pro12Ala genotype frequencies were found to be in Hardy-Weinberg equilibrium.
Statistical analysis
Characteristics of men and women were examined by dietary pattern cluster, and each cluster was compared to the 'Healthy foods' cluster with Dunnett's test for continuous variables and chi-square test for categorical variables. Multiple regression models were constructed to compare mean body composition measures of each cluster to the 'Healthy foods' cluster, controlled for possible confounding factors including age, race, clinical site, education, physical activity, smoking and total calorie intake. The interaction of dietary pattern and gender was tested, as was the interaction of dietary pattern and PPAR-c Pro12Ala genotype. As these interactions were found to be statistically significant, subsequent analyses were conducted by gender and additionally by PPAR-c Pro12Ala genotype. Statistical significance was set at P B 0.05, and analyses were performed using SAS (version 9.1; SAS Institute Inc., Cary, NC).
Results
Six clusters were identified: (1) 'Meat, snacks, fats and alcohol' (n = 480); (2) 'Sweets and desserts' (n = 257); (3) 'Refined grains' (n = 247); (4) 'Breakfast cereal' (n = 273); (5) 'Healthy foods' (n = 306); and (6) 'Highfat dairy products' (n = 246). Table 1 shows mean percent energy contributions from food groups to dietary pattern clusters. The 'Healthy foods' cluster was characterized by relatively higher intake of low-fat dairy products, fruit, whole grains, poultry, fish and vegetables, and lower consumption of red meat, sweets, added fats and high-calorie drinks. Tables 2 and 3 show characteristics of men and women by dietary pattern cluster. The 'Healthy foods' cluster had a significantly higher percent of women than any of the other five clusters. Both men and women in the 'Healthy foods' cluster had a higher percent energy intake from protein, lower percent energy from total fat and saturated fat, and higher intake of fiber than those in other clusters. The 'Healthy foods' cluster also had a higher percent energy from carbohydrate, and a lower dietary glycemic index and glycemic load than most other clusters. In addition, the Eur J Nutr (2010) 49:385-394 387 'Healthy foods' cluster had a significantly higher HEI score than any other cluster. Table 4 shows selected body composition measures of men according to dietary pattern cluster. After adjustment for age, race, clinical site, education, physical activity, smoking and total calorie intake, men in the 'Healthy foods' cluster had a significantly lower total percent body fat than those in the 'Meat, snacks, fats and alcohol' and 'Breakfast cereal' clusters (Table 4) . Men in the 'Healthy foods' cluster also had less abdominal visceral fat than those in the 'Breakfast cereal' cluster. No differences were found between men in the 'Healthy foods' and other clusters in BMI, abdominal circumference, sagittal diameter, abdominal subcutaneous fat, right thigh intermuscular fat or total lean body mass. Women in the 'Healthy foods' cluster showed no significant differences in any measures of body composition from any other clusters (results not shown). Tables 5 and 6 show selected body composition measures of men and women by PPAR-c genotype according to dietary pattern cluster. Pro/Pro homozygous men and women in the 'Healthy foods' cluster did not differ significantly in any measures of body composition from those in other clusters, after adjustment for age, race, clinical site, education, physical activity, smoking and total calorie intake ( Tables 5, 6 ). Conversely, men with the Ala allele in the 'Healthy foods' cluster differed significantly in almost all measures of body composition from those in other clusters (Table 5) . Men with the Ala allele in the 'Healthy foods' cluster had a significantly lower BMI, total percent body fat, sagittal diameter, and abdominal visceral and subcutaneous fat areas than those in the 'Meat, snacks, fats and alcohol' and 'Breakfast cereal' clusters. Men with the Ala allele in the 'Healthy foods' cluster also had a lower total percent body fat and sagittal diameter than those in the 'High-fat dairy products' cluster, and a smaller abdominal circumference than those in the 'Refined grains' cluster. Additionally, men with the Ala allele in the 'Healthy foods' cluster had significantly less right thigh Fried poultry 0.4 -1.0 1.5 -2.8 0.6 ± 1.1 1.1 ± 1.9 0.6 ± 1.1 0.9 ± 1.8
Low-fat dairy products 9.4 -6.7 1.0 ± 2.0 1.8 ± 3.0 1.6 ± 3.2 2.7 ± 3.9 0.5 -1.4
Higher-fat dairy products 3.5 -2.8 5.1 ± 2.9 6.2 ± 4.5 5.5 ± 3.9 6.3 ± 3.8 16.7 -5.6
Dark yellow vegetables
Other vegetables
Whole Mean ± SD, unless otherwise specified a The highest and lowest percent energy contributions from each food group across the six dietary pattern clusters are in bold intermuscular fat than those in the 'Meat, snacks, fats and alcohol' cluster. On the other hand, women with the Ala allele in the 'Healthy foods' cluster had significantly less right thigh intermuscular fat than those in the 'High-fat dairy products' cluster, but showed no significant differences in any other measures of body composition from any other clusters (Table 6 ).
Discussion
In this study of older adults, a variety of distinct dietary patterns were identified. Men in the 'Healthy foods' cluster had a lower total percent body fat than those in the 'Meat, snacks, fats and alcohol' and 'Breakfast cereal' clusters, and less abdominal visceral fat than those in the 'Breakfast cereal' cluster. On the other hand, women in the 'Healthy foods' cluster showed no significant differences in any measures of body composition from any other clusters.
Several other studies have examined dietary patterns of older adults and their associations with adiposity. Ledikwe et al. [26] studied dietary patterns of rural men and women age 66-87 in relation to weight, and showed that those in a low-nutrient-dense cluster, with high intake of breads, sweet breads and desserts, processed meats, eggs, and fats/ oils, were twice as likely to be obese as those in a highnutrient-dense cluster, with high intake of cereals, dark green/yellow vegetables, other vegetables, citrus/melons/ berries, fruit juices, other fruits, milks, poultry, fish, and beans. In the Baltimore Longitudinal Study of Aging, Newby et al. [27] found a dietary pattern high in reducedfat dairy products, fruit, and fiber to be inversely associated with annual change in BMI in women, and inversely associated with annual change in waist circumference in both sexes.
In the current study, dietary patterns were found to interact with PPAR-c Pro12Ala genotype in relation to body composition. Specifically, while Pro/Pro homozygous men and women in the 'Healthy foods' cluster did 8.7 ± 0.6 9.4 ± 0.4 8.9 ± 0.5 9.2 ± 0.5 9.8 ± 0.5 9.5 ± 0.5
Least squares mean ± SEM. Adjusted for age, race, clinical site, education, physical activity, smoking status and total calorie intake a Significantly different from the 'Healthy foods' cluster, P B 0.05 (Dunnett's test)
including the current one, suggest that Ala allele-carriers may be more sensitive to the composition of the diet than Pro/Pro homozygotes, while other studies indicate the reverse. In the Nurses' Health Study, Pro/Pro homozygous women in the highest quintile of total fat intake had a significantly higher BMI than those in the lowest quintile, while Ala allele-carriers showed no relationship between total fat intake and BMI [28] . However, monounsaturated fat intake was not associated with BMI among Pro/Pro homozygotes, but was inversely associated with BMI among Ala allele-carriers. In the Québec Family Study, which included men and women, total fat and saturated fat intake were positively associated with waist circumference in Pro/Pro homozygotes but not in Ala allele-carriers [29] . Also, in a study by Adamo et al. [30] of obese women on a 900-kcal formula diet, the Ala variant was associated with resistance to diet-induced weight loss.
In addition to the current study, several others have implied that diet may affect the body composition of Ala allele-carriers more than that of Pro/Pro homozygotes. In the Isle of Ely Study, which included men and women, the dietary polyunsaturated fat to saturated fat ratio was inversely related to BMI among Ala allele-carriers but not Pro/Pro homozygotes [31] . There was no interaction between total fat intake and PPAR-c Pro12Ala genotype in relation to BMI, however. Furthermore, in a diet and exercise intervention in men and women with impaired glucose tolerance, Ala/Ala homozygotes lost more weight than Pro allele-carriers [32] . Similarly, Ala allele-carriers in the weight-loss lifestyle intervention group of the Diabetes Prevention Program lost more weight than Pro/ Pro homozygotes [33] . In another study of men and women with type 2 diabetes, BMI was similar in Ala carriers and Pro/Pro homozygotes in the lower quartile of energy intake but significantly higher in Ala carriers in the upper quartile [34] . Ala allele-carriers were found to have a significantly lower energy intake per kilogram body weight than Pro/Pro homozygotes, and it was suggested that Ala allele-carriers might have a higher food efficiency. In a study of Hispanic American men and women, the Ala allele was associated with increased BMI in those with high intake of polyunsaturated fat, or a high polyunsaturated fat to saturated fat ratio, in an initial model, but not in a subsequent model [18] . Additionally, in a study of overweight women on a hypocaloric diet, weight loss was similar in Ala allele-carriers and Pro/Pro homozygotes, but weight regain during follow-up was greater in Ala allele-carriers [35] .
Results of studies have thus been inconsistent and indicate that other factors are likely influencing the relationships among diet, PPAR-c Pro12Ala genotype, and body composition. While gender and weight status may play a role, their impact is not clear from studies to date. The mechanisms behind the effects of the PPAR-c Pro12Ala genotype are also uncertain. Research at the cellular level has associated the Ala variant with reduced PPAR-c transcriptional activity compared to the Pro variant [36, 37] . Surprisingly, both activation of PPAR-c by thiazolidinediones and reduced transcriptional activity of PPAR-c due to the Pro12Ala polymorphism have been linked to greater insulin sensitivity [15, 16, [38] [39] [40] [41] [42] [43] . It is thought that different metabolic pathways mediate the insulin sensitizing effects of both increased and moderately decreased PPAR-c activity. In the current study, men with the Ala allele may have shown stronger associations between diet and body composition due to potentially higher insulin sensitivity, although this could not be inferred as insulin sensitivity was not examined in this study.
A recent study which investigated the mechanistic effects of the PPAR-c Pro12Ala genotype in a mouse model may shed some light on results of the current study [44] . Compared to Pro/Pro homozygotes, Ala/Ala homozygous mice on a standard chow diet had lower body fat mass as well as other metabolic advantages. When the mice were given a high-fat diet, however, the protective effect of the Ala allele was lost, and Ala/Ala homozygous mice had slightly higher body fat mass than Pro/Pro homozygotes. These results were partially attributed to diet-dependent effects of the PPAR-c Pro12Ala genotype on adiponectin signaling and on the interaction of PPAR-c2 with several transcriptional coregulators.
Another potential reason for discrepancies in results of studies to date on diet and PPAR-c Pro12Ala genotype in relation to body composition is that polymorphisms in the PPAR-c gene other than the Pro12Ala polymorphism could influence body composition and be in linkage disequilibrium with the Pro12Ala polymorphism. Linkage disequilibrium patterns can differ among geographically and ethnically distinct populations, and this could contribute to inconsistent results when polymorphisms are considered in isolation [45, 46] .
Strengths of this study include its unique age group and thorough measures of body composition. While several studies have examined associations between dietary patterns and anthropometric measures of adiposity, this study is unique in assessing dietary patterns of older adults in relation to more detailed measures of adiposity, by CT scan and DEXA, in addition to anthropometric assessments. A possible limitation of this study is that the sample size did not allow subdivision of the study population beyond gender and PPAR-c Pro12Ala genotype in the analyses. Also, as in many other studies of dietary patterns, dietary intake in the current study was measured by FFQ. This method involves several assumptions, including recipes used for certain foods that may not entirely reflect actual intake [47] .
In conclusion, the current and previous studies suggest that at least in certain populations, the relationship between diet and body composition differs according to PPAR-c Pro12Ala genotype. Additional genetic and lifestyle factors which influence the relationships of diet, PPAR-c Pro12Ala genotype, and body composition still need to be identified, as do the underlying mechanisms and the specific populations affected. If these questions can be elucidated, eventually diets could be tailored to persons with specific genotypes to minimize their risks of adverse health conditions and promote optimal health.
